Background. There are few longitudinal data on the risk factors and mediators of racial disparities in sepsis among communitydwelling US adults.
Sepsis is defined as a dysregulated immune response to infection that results in acute organ dysfunction [1] . Amelioration measures to date have focused on treatment of patients during the acute phase of illness, prevention of hospital-acquired infections, and the lasting sequelae of sepsis survivors; however, there is a need to further understand the extent to which community-acquired sepsis is a preventable condition. This is in line with public health agencies' recent increased attention to the burden of sepsis. Specifically, in 2017, the World Health Organization officially recognized sepsis as a major global health problem, and the Centers for Disease Control and Prevention launched a US initiative aimed at reducing the burden of sepsis [2, 3] . In the United States, in addition to understanding the risk factors associated with the high morbidity of disease, there is also a need to understand the significant social disparities. Specifically, observations from administrative data have demonstrated that blacks, when compared with whites, suffer a 1.5-to 3.5-fold increase in the risk of sepsis incidence and sepsis-related mortality [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . A notable exception to these findings is a cohort study of emergency room encounters in a large US populationbased cohort, which demonstrated that blacks were less likely than whites to suffer sepsis events [14] . Given the methodological strength of this outlier, the associations between race/ethnicity and sepsis require continued study in longitudinal cohorts.
Descriptive analyses are needed as first steps to explore and understand the potential population-level risk factors for sepsis and social disparities in sepsis among community-dwelling individuals. The goals of this study are to use a large cohort of community-dwelling US adults to (1) broadly explore and describe the health conditions, health behaviors, and socioeconomic factors associated with increased risk for subsequent sepsis mortality and (2) describe which factors are associated with the race/ethnicity disparities in sepsis death. We approach these objectives from a biopsychosocial framework of human health, organizing potential risk factors in a complex web of biological and social determinants of health [15] . Although social determinants in overall mortality have been extensively studied, fundamental social causes of disease theory suggest that social determinants of health continue to be flexibly and differentially reproduced in different disease processes within specific contexts, arguing for ongoing exploration of this theme in specific disease states [16] . In regards to sepsis, prior studies have relied primarily on cross-sectional designs, and they had insufficient individual-level data or longitudinal data on factors to be able to explore which may play important roles in the risk of sepsis mortality [17] .
METHODS
We examined data from a longitudinal cohort of adult participants in the 1999-2005 National Health Interview Survey (NHIS) with sufficient identifier data to permit linkage to records in the 1999-2011 National Death Index (NDI).
Setting and Participants
The NHIS is an annually evolving National Center for Health Statistics (NCHS) survey that deploys a decennially updated multistage area probability sampling strategy. Additionally, the NHIS oversamples minority groups to improve precision and accuracy of national statistical estimates of the entire civilian, noninstitutionalized population. For this study, we used data from participants of the Sample Adult NHIS, which is administered to 1 randomly selected individual ≥18 years old per each selected household [18] . Mortality outcomes for this cohort are obtained through the NDI, the NCHS's centralized system of death certificate information. The NCHS uses 14 identifiers to perform the data linkage before de-identifying the data for research use [19] . We excluded NHIS participants who did not have sufficient baseline survey data to be eligible for the NDI linkage procedures. For the remaining participants eligible for linkage, the NCHS creates new eligibility-adjusted weights. We further excluded those who were linked but with missing date or cause of death information.
The general analytic approach was descriptive, estimating associations between baseline survey characteristics and the subsequent risk of cause-specific death. These associations were examined separately for septicemia death, influenza/pneumonia death, and aggregated other causes of death. This method allows comparisons of the specificity of associations across the 2 major ICD-10 groupings that conceptually encompass the majority of sepsis in the United States with a grouping that largely encompasses non-infectious diseases-related death. Additionally, we elected to analyze septicemia and influenza/pneumonia deaths separately to allow this analysis to be congruent with the National Vital Statistics System's code groupings and annual mortality reports for these conditions. Specifically, we used the septicemia code grouping (A40-A41) to define a septicemia death as a death with any of these codes listed among any of the causes of death on the death record [20] . An influenza/pneumonia death was similarly defined using the J09-J11 ICD-10 codes. Any death that did not meet either the septicemia or influenza/pneumonia definitions was categorized as an "other death. " Eligible participants without a linked death record were assumed to be alive and censored on December 31, 2011. Time to death was calculated from the date of the baseline survey. To organize the variables, we group them into domains of health condition, medical comorbidity, health behaviors, and socioeconomic status (SES). SES is further subdivided into domains of material capital, social capital, and human capital [15] . For race/ ethnicity, we utilized the 4-category NHIS variable that categorizes participants as "Hispanic, " "Non-Hispanic White, " "NonHispanic Black, " or "Non-Hispanic; All other race groups. " The remainder of this manuscript refers to non-Hispanic black and non-Hispanic white as black and white, respectively.
Statistical Methods
This study was approved by the Research Data Center of the NCHS (proposal number 1321). Data were accessed and analyzed by J.A.K. on-site at the secure computer laboratories of the Census Bureau's Atlanta Research Data Center, and statistical output was reviewed by an NCHS analyst before release. Due to NCHS data policies, unweighted sample sizes are reported only for the entire cohort and largest, relevant subdivisions, whereas the rest of the report is in weighted, aggregate statistics. All analyses were performed using the SAS 9.2 (SAS Institute, Cary, NC) survey procedures accounting for design variables and eligibility-adjusted sample weights. These weights, intended for annual estimates, were divided by 7 to account for the 7 years of data. Graphs were created with ggplot2 (v2.2.1) and forestplot (v1.7) in RStudio 0.99.90 (RStudio Inc., Boston, MA).
For descriptive analyses, we started with a Cox proportional hazards model for time to outcome that included age group and sex. This baseline model was run for 3 separate outcomes: (1) a model for septicemia deaths, with influenza/pneumonia and other deaths censored; (2) a model for influenza/pneumonia deaths, with septicemia and other deaths censored; and (3) a model for other deaths, with both septicemia and influenza/ pneumonia deaths censored. Next, we added in each baseline characteristic, 1 at a time, into these 3 age-and sex-adjusted models. The output is presented as age-and sex-adjusted hazard ratios (HRs) with accompanying 95% confidence intervals (CIs).
For the mediation analyses, we decomposed the total ageand sex-adjusted race/ethnicity parameter estimate, interpreted as the total magnitude of the observed racial inequality adjusting for age and sex distribution. When each covariate was added to the age-, sex-, and race/ethnicity-adjusted model, the new race/ethnicity parameter estimate was then taken as the direct effect and conceptualized as the residual race/ethnicity inequality not explained by the added covariate. Subtracting this direct effect from the total effect produced the indirect effect, conceptualized as the amount of the total effect explained by the added covariate [21] . In addition to this absolute measure, we calculated the proportion of the total effect explained by the indirect effect of a covariate (Figure 1) . We focused the mediation analyses on the outcomes of septicemia and other causes of death and the race/ethnicities of black and white. The decision to focus on the black-white disparity was made a priori given the conflicting data in the existing sepsis literature, noted above. The decision to exclude influenza/pneumonia death from the mediation analyses was due to the fact that initial analyses revealed that the 95% CI of the hazard ratio for influenza/pneumonia death in blacks compared with whites already included the null effect. Table 1 ). The factors associated with larger age-and sex-adjusted hazards of death were similar across all 3 death outcomes. Factors that were associated with an approximately 4-fold or larger hazard of death across all 3 groupings included self-reported need for help with activities of daily living and self-reported "poor" general health. Factors that were associated with an approximately 2-4-fold greater hazard of death across all 3 groupings included lower level of education achieved; lower poverty index ratio (annual family income divided by national poverty level for family size); self-reported emphysema, liver condition, stroke, and weak or failing kidneys ( Figure 2) ; numerous self-reported measures of disability; self-reported "fair" general health and general health worse than the year prior; >1 pack per day cigarette use; and higher utilization of health care encounters. Factors that were associated with an approximately 2-fold lower hazard of death across all 3 groupings only included self-reported weekly vigorous exercise.
RESULTS

There
In regards to race/ethnicity, when compared with whites, Hispanics had age-and sex-adjusted hazards that were lower for other causes of death (HR, 0.82; 95% CI, 0.78-0.86), similar for influenza/pneumonia deaths (HR, 0.95; 95% CI, 0.77-1.16), and larger for septicemia deaths (HR, 1.35; 95% CI, 1.13-1.62). Blacks had age-and sex-adjusted hazards that were higher for other causes of death (HR, 1.32; 95% CI, 1.25-1.38), similar for influenza/pneumonia deaths (HR, 1.14; 95% CI, 0.96-1.36), and higher for septicemia deaths (HR, 1.92; 95% CI, 1.65-2.23). This black-white disparity was further explored in 2 stratified analyses: an age-adjusted, sex-stratified model and a sex-adjusted, age-stratified model. These models did not demonstrate appreciable interaction between the black-white disparity when stratified by age group or sex (Supplementary Tables 4 and 5 ).
Mediation Analyses for Black-White Hazards for Septicemia and Other Deaths
The factors that explained the age-and sex-adjusted racial disparity in blacks compared with whites were similar for Base Model = λ 0 (t) exp(β 1 age + β 2 sex + β 3 race) Mediation Model = λ 0 (t) exp(θ 1 age + θ 2 sex + θ 3 race + θ 4 mediator) Direct E ect of Race = θ 3 Indirect E ect of Race = β 3 -θ 3
Race/Ethnicity
Proportion of Total E ect of Race due to Mediator = Figure 3) . In general, a larger absolute amount (indirect effect) of the black-white disparity was explained by covariate adjustments for septicemia deaths than for other causes of death. Similarly, the residual black-white disparity (direct effects) after covariate adjustments was also generally larger for septicemia deaths than for other causes of death (Supplementary Table 6 , Supplementary  Figure 10 ). In contrast, the relative proportion of the blackwhite disparity explained by covariate adjustments was generally smaller for septicemia deaths than for other causes of death.
I n d ir e c t E e c t o f R a c e
The most pronounced mediators of black-white disparities for both septicemia and other causes of death were selfreported general health condition, self-reported disability, and several factors across every domain of socioeconomic status.
Notably, for the black-white disparities in septicemia and other causes of death, respectively, self-reported general health condition accounted for 37% and 71% of the disparity, family income-poverty ratio accounted for 38% and 64% of the disparity, and highest education level achieved accounted for 41% and 18% of the disparity (Supplementary Table 6 ).
DISCUSSION
To our knowledge, this analysis is the first to use a large, nationally representative longitudinal cohort of community-dwelling adults to broadly describe the baseline risk factors that (1) are associated with subsequent hazards for septicemia death and (2) mediate the black-white disparity in septicemia death. First, we observe that the major risk factors for septicemia death are similar to those for other causes of death: poor general health condition; low socioeconomic status (SES); disability; chronic diseases such as emphysema, stroke, and kidney and liver disease; heavy cigarette use; and higher frequency of health care encounters. Second, there was approximately a 2-fold black-white disparity in septicemia deaths-larger than the disparity for other causes of death and in contrast to the absence of a demonstrated disparity in influenza/pneumonia deaths. Finally, the strongest mediators of these disparities were across domains of SES. This study has several strengths. It benefits from the robust sampling and survey procedures of the NCHS in producing a large, multiyear cohort of US community-dwelling adults that is highly generalizable to this population and has sufficient follow-up time to have an adequate number of events for analyses. The follow-up is adequate, with 93% of the eligible sample having sufficient data for accurate linkage with the nation's most comprehensive database of death records. The exploratory objective of the study benefits from the extensive questionnaires of the NCHS and thus is able to evaluate a broad number of potential risk factors across domains of health conditions, health behaviors, health care utilization, and many components of SES.
Before speculating on the interpretation of the findings, we place them in the context of the study's limitations. First, exposures are self-reported and therefore may suffer from imprecise or incorrect values. Second, septicemia death is a conditional outcome in that it is indicative of the entire sequence from acquisition of infection, the development of septicemia, and death. It is not possible in this data set to distinguish associations specifically attributable to each step in this sequence. Third, this large cohort likely underestimates or does not include rare risk factors that are not represented in an adequate frequency among the approximately 200 000 community-dwelling participants willing and able to participate in the survey. For example, severe immunodeficiencies are a conceivable risk factor for septicemia but are not represented adequately in this cohort due to low prevalence.
Another limitation is the lack of a validated ICD-10 definition for sepsis death in the NDI. Instead of introducing a definition our data set was not equipped to validate, we utilized the longstanding National Vital Statistics System ICD-10 septicemia definition and its influenza/pneumonia definition as a comparator. These definitions are likely sensitive but not specific to the full spectrum of clinically defined sepsis. With national and global health agencies now addressing sepsis as a public health problem, we feel that using these case definitions allows comparisons with US national mortality statistics dating back to 1999, which is more helpful in developing consistent public health policy in this area. Sensitivity analyses combining septicemia and influenza/pneumonia deaths into a single sepsis definition demonstrate similar results with predictably narrower confidence intervals (results available on request).
Our novel findings are important for several reasons. First, at a population level, the factors associated with increased risk of septicemia deaths are similar to those associated with risk for other causes of death. The most prominent factors are familiar: low SES measures such as education and poverty, chronic illnesses marked by major organ dysfunction, functional disability, tobacco use, and higher frequencies of health care encounters. The strength of association of an individual's own perception of general health with subsequent mortality has been demonstrated before, and our speculation is that this reflects a composite of one's health, function, and SES [22] . Finally, whether factors such as diabetes mellitus, kidney disease, hypertension, and morbid obesity convey excess risk specific to septicemia death in comparison with influenza/pneumonia and other deaths (by the greater magnitude of their septicemia hazard ratios with nonoverlapping CIs) are provocative and hypothesis-generating findings.
The observations that blacks suffer higher age-and sex-adjusted mortality than whites are consistent with the National Vital Statistics' 2015 finding that "[t]he age-adjusted death rate has been 1.2 times greater for the non-Hispanic black population than for the non-Hispanic white population since 2008" [23] . Our finding that this disparity is larger for septicemia deaths than for other causes of death (age-and sex- The proportions for this graph are calculated by dividing the indirect effect of the age-and sex-adjusted black-white disparity when adjusting for a particular mediator by the total age-and sex-adjusted black-white disparity without adjustment for that mediator. This is conceptualized as the relative amount of the total age-and sex-adjusted black-white disparity accounted for by the specific variable. This is performed separately for septicemia and other causes of death to calculate cause of deathspecific proportional mediation for each variable. Abbreviations: ADL, activity of daily living; ER, emergency room; IADL, instrumental activity of daily living.
times higher, respectively) is also consistent with the NVSS's 2015 demonstration of septicemia age-adjusted death rates of 18.6 and 10.1 per 100 000 person-years among blacks and whites, respectively [23] . Although this larger septicemia disparity is consistent with the majority of the published literature, it appears to be in contrast with 1 large, US prospective cohort study of sepsis incidence by Moore et al. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The different results may be due to differences in design. The Moore et al. study is a cohort of >45-year-olds that assesses the incidence of community-acquired sepsis in emergency departments, whereas our study cohort is >18 years old, includes both community-and health care-acquired sepsis, and assesses sepsis deaths. This last point again highlights that our study outcome captures the entire chain of events from acquisition of infection to development of sepsis acute organ dysfunction to death. Therefore, the disparity may occur at any of the steps along this pathway, and there are insufficient data to completely untangle this web of causation. Our present study's contribution to this literature is the confirmation of an elevated black-white septicemia mortality disparity and additional evidence regarding the roles the major moderators of this disparity lying within a complex web of disparities in SES. Although these data were not equipped to assess the role of potential genetic differences in the risk for sepsis deaths, the diminished age-and sex-adjusted black-white disparity when adjusting for SES suggests that at a population level these genetic factors do not play a major role in this disparity. Finally, these data demonstrate that Hispanics had higher hazards of septicemia death in comparison with non-Hispanic whites but lower hazards of other causes of death and no differences in hazards of influenza/pneumonia death-a provocative hypothesis-generating observation.
In conclusion, this study demonstrates that in the United States (1) the elderly, frail, and impoverished suffer the highest excess risk of septicemia and influenza/pneumonia deaths when compared with deaths from other causes; (2) blacks suffer a disproportionately elevated septicemia mortality risk in comparison with other aggregated causes of death and influenza/pneumonia death; and (3) the largest moderators of this racial disparity are within the domains of SES. These findings support the longstanding notion that social status and health are interwoven threads of an intricate web of causation influencing health outcomes within a population. They support the concept that the goal of equitable health outcomes will be achieved only through a comprehensive public health strategy that incorporates and strives to correct social inequalities.
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